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ABSTRACT
Recent results on searches for Beyond Standard Model production of Higgs
bosons in fermion decay channels are presented. The analyses are based on
proton-proton collision data recorded by the CMS experiment at 7, 8, and 13
TeV centre-of-mass energies. The exclusion limits determined by the null results
of the searches are interpreted in the framework of models that include extensions
of the standard Higgs sector.
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1 Introduction
On July 2012 the ATLAS and CMS collaborations announced the discovery of a new particle [1] [2] , that
has been identified as a Standard Model (SM) Higgs boson, H0.
In this note the results of searches for additional Higgs bosons performed with data recorded by the CMS
detector [3] are summarized.
The searches are generally performed in a model independent approach, and exclusion limits in terms
of production cross section times the corresponding decay branching ratio are presented. The results are
interpreted according to beyond-SM (BSM) Higgs scenarios, which include the Two Higgs Doublet Model
(2HDM) and Triplets Models.
The 2HDM models predict the existence of 5 Higgs Bosons: the three neutral h, H, and A, and the
charged H±. The free parameters can be chosen to be mh, mA, mH , mH± , the mixing angle α of M2, the
ratio of the vacuum expectation values of the two doublets, tanβ, and the soft Z2 breaking mass parameter
m12. Different 2HDM types can be chosen, depending on the way the two SU(2)L doublets are coupled to
the fermion sector. In 2HDM of type-I, the SU(2)L doublets couple to both up- and down-type fermions
equally; in 2HDM of type-II one doublet couples exclusively to up-type and the other exclusively to down-
type fermions.
Constraints on the angles α and β can be set if H0 is interpreted as the h boson. Such constraints have
been obtained using the CMS inputs to the combined ATLAS and CMS coupling analysis as presented in
Ref.[4]. The 95% CL exclusion contours in the 2HDM of type-I and II, in the cos(β − α)-tanβ plane, are
shown in Figure 1 as obtained from the observed couplings of the discovered H0 boson [5].
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Figure 1: General constraints on the 2HDM parameter space obtained from the compatibility with the
observed couplings of the H0 when interpreted as the h. The lines show the contours which restrict the
allowed parameter space at the 95% CL for a 2HDM of (left) Type-I and (right) Type-II. The observed
constraints are shown in black. The expected constraints assuming just the SM Higgs sector are indicated
by the red continuous line.
2 Neutral Higgs Bosons Searches
Since LHC Run I, CMS have performed searches for additional neutral Higgs bosons as foreseen in the Mini-
mal Supersymmetric Standard Model (MSSM), a particular 2HDM type-II model with two main parameters,
mA and tanβ. Three possible fermionic final states have been considered: ττ [6], bb [7] and µµ [8].
The search of neutral MSSM Higgs via ττ decay has been performed by the CMS experiment considering
four decay modes of ττ pair: τhτh, µτh, eτh and eµ. No excess above the expectation from the standard
1
model is found and upper limits are set on the production cross sections times branching fraction for masses
between 90 and 3200 GeV (Fig. 2). Model dependent limits in the MSSM scenarios are shown in Fig. 3.
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Figure 2: Expected and observed limits on cross-section times branching fraction for (a) the gluon fusion
process (ggφ) and (b) the b-associated production process (bbφ).
3 Charged Higgs Bosons Searches
3.1 Single Charged Higgs Bosons
The 2HDM models predict the existence of two opposite charge Higgs bosons degenerate in mass. If mH± <
(mt−mb), then the charged Higgs bosons are mainly produced via top quark decay and the dominant decay
channel is H± → τ±ντ . However, in this region of masses, two additional channels have been searched with
CMS Run I data: cs [10] and cb [11].
The search in the τ±ντ channel has been recently updated with 12.9 fb−1 of data collected at
√
s =
13 TeV [12]. The search is performed for masses between 80 and 3000 GeV and the fully hadronic final state
is considered. The observation agrees with the standard model prediction. In Fig.4 the model independent
upper limits are set on the production cross sections times branching fraction. The results are then interpreted
in the MSSM context and the exclusion limits are shown in Fig.5.
If mH± > (mt −mb), the H± → tb is expected to be the dominated decay mode. CMS Run I results
can be found in [13].
3.2 Double Charged Higgs Bosons
Double charged Higgs bosons are predicted by models that extend the SM particle spectrum with a scalar
triplet. A search for a doubly-charged Higgs boson, Φ±±, has been performed with 12.9 fb−1 of data collected
by the CMS experiment at
√
s = 13 TeV [14]. The search considers three lepton final states coming from
the associated production of Φ±±Φ∓ and the four lepton final states coming from the pair production of
Φ++Φ−−. The observation agrees with the standard model prediction. Model independent limits are set
assuming 100% decays to single pair of leptons. Limits are also set for four benchmarks targeting several
neutrino mass hypotheses (Fig.6), since the Yukawa coupling of the Φ±± to leptons is proportional to the
mass of the neutrinos.
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Figure 3: Model dependent exclusion limits in the mA-tanβ plane, combining all channels, for (left) the
mmodh and (right) hMSSM scenarios. In the left plot the red contour indicates the region which does not
yield a Higgs boson consistent with a mass of 125 GeV within the theoretical uncertainties of ±3 GeV, while
the blue lines indicate the expected (dashed) and observed (solid) exclusions obtained from the most recent
Run 1 CMS search for φ→ ττ [9].
4 Conclusions
A summary of the BSM Higgs Bosons searches at CMS in fermion decay channels has been presented. No
significant excess to SM prediction has been observed.
All analysis are being updated with full run II dataset.
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Figure 5: Exclusion limits in the mH± -tanβ plane in the context of the m
mod+
h model, for the low mass
search (left) and the high mass search (right).
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Figure 6: Summary of expected and observed limits for each production mode and the combined limit. The
shaded region represents the excluded mass points and the thick solid line represents the expected exclusion
with the hashed region indicating the direction.
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